Introduction
Due to its importance, the determination of Ag is demanded in many fields, especially in environmental and biological samples as a result of its potential toxicity. Electrothermal atomicabsorption spectrometry (ETAAS) has been considered to be one of the most suitable instrumental techniques for the determination of trace Ag in different samples due to its excellent analytical performance, such as simple operating procedures, low cost of the required instrumentation, high sensitivity and selectivity. Liquid-liquid extraction (LLE) is the most commonly used sample pretreatment method. Conventional LLE is usually time-consuming with intensive labor, and requires relatively large volumes of organic solvents. Recently, efforts have been directed towards miniaturizing the LLE procedure by greatly reducing the organic solvent to the aqueous-phase ratio, leading to the development of solvent microextraction methodologies. [1] [2] [3] Homogeneous liquid-liquid extraction, followed by the X-ray fluorescence spectrometry of a micro-droplet on filter-paper for the simultaneous determination of small amounts of metal with high extraction efficiency has been described. 4 Jeannot and Cantwell first reported a novel single-drop microextraction (SDME) technique. 5 After extraction, the microdrop was retracted back into a microsyringe and transferred to a gas chromatograph for further analysis. Since then, further studies have exploited the analytical application of SDME. 6 However, this method was mainly applied to the determination of organic compounds in water samples. Recently, three-phase microextraction was developed to extract ionizable and chargeable compounds from different aqueous samples. Ma and Cantwell 7 used an unsupported liquid organic membrane to separate two aqueous phases: the donor phase and the acceptor phase. The pH of the donor phase was adjusted to basic, and the acceptor phase was acidic. An ionizable compound, mephentermine, was extracted from the donor phase to the organic phase, and then back-extracted to the acceptor phase. The same basic principle was used by Pálmarsdóttir et al. 8 In 2003, Chamsaz et al. 9 reported a preliminary study on the combination of HS-SDME with ETAAS for the analysis of inorganic compounds. HS-SDME was demonstrated to be an efficient extraction technique for analyzing arsenic in real samples, like tap water and washing-machine powder. Recently, Xia et al. 10 reported that the implementation of SDME in traceelement analysis could give rise to another important field of applications. Few analytical applications of the SDME method for the extraction and preconcentration of metal ions have been reported. The method of triple phase is a quite new technique, and has not been used extensively. Moreover, this technique has been used only for organic compounds, and no report has been submitted concerning inorganic ions.
Experimental

Reagents and chemicals
A silver standard stock solution (1000 mg L -1 ) was prepared by dissolving 0.1578 g of AgNO3 in 5 ml of nitric acid in a 100-ml volumetric flask and diluting to the mark with water. Working solutions were prepared daily from the stock solution by appropriate dilution with water. Palladium and magnesium solutions were prepared by accurate weighting of their salts and diluting with water. Thioaminophenol (Fluka, Germany) and sodium diethyldithiocarbamate (DDTC) (Merck, Germany) were used without further purification. All other regents were of analytical grade and triply distilled; deionized water was used throughout the experiments. HNO3 (14 M) was purchased from Merck. Tap-water samples were collected locally.
Apparatus
An AA670 atomic-absorption spectrometer, equipped with a graphite furnace was used in this study. An Ag hollow cathode lamp was employed as the radiation source at 328.1 nm. The spectral band pass was 0.6 nm. Argon of 99.99% purity was used as both protective and purge gas. The integrated absorbance mode was used throughout the experiment.
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A new method is described for the determination of silver based on triple-phase microextraction using diethyldithiocarbamate (DDTC) and thioaminophenol. Ag is separated and preconcentrated from the matrix of the sample solution, and finally determined by electrothermal atomic-absorption spectroscopy. The parameters that affect the efficiency were investigated. Under the optimized conditions, a 30-fold preconcentration factor with a detection limit of 0.05 mg L -1 was achieved. The relative standard deviation was 10% (5 determinations). The developed method was applied to the determination of trace Ag in water samples. A 10-ml microsyringe (Hamilton) was employed to introduce the extraction solution of the organic phase (4 ml) and to inject the organic phase into the ETAAS after extraction.
Analysis procedure
The graphite tubes were pretreated 2 times with a Pd modifier, as follows: 60 ml of a 0.1% stock solution was injected into the graphite tube and heated according to a literature method. 11 A 60-mg deposit of Pd was obtained in this way. A 10-ml microsyringe containing 4 ml of DDTC was clamped above a 10ml volumetric flask containing 10 ml of an aqueous sample and 0.5 ml of a thioaminophenol solution in butylacetate (Fig. 1) . The aqueous solution was stirred at 1200 rpm. Trace analytes were extracted into the organic phase, and then into the DDTC drop from the organic phase. After extraction, the microdrop was retracted into the microsyringe and injected into the ETAAS. The calibration was obtained using standard solutions subjected to the microextraction as well.
Results and Discussion
Ashing and atomization temperatures
Under the standard operating conditions of the graphite furnace without the use of a modifier, the background absorption created by thioaminophenol surpassed the correction capacity of the deuterium lamp corrector. For removing most of the thioaminophenol, a relatively high ashing temperature was required. However, Ag is a volatile element, which could be lost from the graphite atomizer at temperatures higher than 300˚C in the absence of a chemical modifier. The use of a chemical modifier was required to increase the Ag thermal stability.
The direct introduction of a Mg solution as a modifier into the graphite tube after sample injection was also employed. The experimental results indicated that the Pd permanent modifier and Mg as a modifier allowed a higher ashing temperature, improved the sensitivity and reduced the background. The optimized ashing and atomization temperatures were, respectively, 600 and 1600˚C. The temperature program was as follows: drying, 120˚C, 10 s (ramp), 3 L min -1 Ar flow; ashing, 600˚C, 20 s (step), 3 L min -1 Ar flow; atomization, 1600˚C, 4 s (step), 3 L min -1 Ar flow; cleaning, 2000˚C, 2 s (step), stopped flow.
Optimization of the SDME method
Because the pH plays a unique role in extraction, the pH of the sample solution was evaluated for its effect on the SDME extraction of Ag. The pH was varied over the range of 1 -8. The maximum absorbance for Ag was achieved in pH 3. Also, the effect of the pH of an aqueous drop on extraction was evaluated. The optimized pH was 1.7, as shown in Fig. 2 . The effect of the thioaminophenol concentration on the integrated absorbance of Ag was investigated. It was found that the integrated absorbance of Ag increased with an increase of the thioaminophenol concentration from 0.5 to 2%, and was kept constant with further increase in the thioaminophenol concentration.
Four reagents, such as diethyldithiocarbamate (DDTC), thiourea, thiocyanate and thiosulfate, were used to investigate the effect of the complexing agent in an aqueous drop. The experimental results demonstrated that DDTC provided a higher extraction efficiency.
The effect of the DDTC concentration on the integrated absorbance of Ag was investigated. It was found that the integrated absorbance of Ag increased with an increase of the DDTC concentration from 0.001 to 0.01%, and decreased with a further increase in the DDTC concentration.
In general, mass transfer is a time-dependent process, and the maximum integrated absorbance is attained when the system is in equilibrium. However, it takes time for a system to reach complete equilibrium. The extraction time was investigated by monitoring the variation of the integrated absorbance.
The integrated absorbance increased with the increase of the extraction time to 15 min, and remained constant with a further increase in the extraction time. To avoid drop dissolution, an extraction time of 15 min was selected for all subsequent analyses.
In SDME, a change in the stirring rate is expected to affect the extraction dynamics, since the thickness of the interfacial layer surrounding the solvent droplet, influences the mass transfer of the analytes. The effect of the stirring rates in the range of 50 to 1200 rpm was investigated. The results show that the integrated absorbance increases with increasing the stirring rate. Thus, a sample-stirring rate of 1200 rpm was selected.
The effect of the organic phase (thioaminophenol in butyl acetate) volume on the extraction of Ag (1.0 ng) was investigated in the range of 0.25 -1 ml. It was found that the absorbance of Ag increased with increasing the organic phase volume up to 0.5 ml of the organic phase, and remained constant with further increas in its volume. Thus, 0.5 ml was used.
In addition, the effect of the temperature on Ag extraction was investigated. The temperature was varied over the range of 1 -45˚C. The absorbance of Ag increased with increasing the temperature up to 30 -40˚C, and then decreased with a further increase in temperature, which could be attributed to vaporization of the organic phase and aqueous drop. The extraction was run at 35˚C. Because the overall efficiency of the proposed method was rather low, a 30-fold preconcentration factor was achieved, compared to the 2500-fold theoretical value.
Study of interferences
Interfering species at 100 fold excess were added to the Ag(I) solution, and extraction followed. Table 1 contains the results.
Analytical figures of merit
A calibration curve was calculated based on a 10-ml of aqueous solution of Ag treated under the optimized conditions. The calibration curve was linear in the range of 0.38 to 10.5 ng ml -1 Ag with a correlation coefficient of 0.9938, and the sensitivity was 0.06 ng ml -1 . The detection limit was calculated to be 0.05 mg ml -1 , based on 3Sb. The relative standard deviation (RSD) for five replicate analyses of 4 ng ml -1 Ag was 10%.
Application to real samples
The proposed method was also employed for the determination of Ag in water samples. The amount of Ag found in the water sample was 1.18 ± 0.02 ng ml -1 , and after adding 10 ng ml -1 of Ag in water, it was 10.84 ± 0.02 ng ml -1 . The recoveries for the spiked samples were in the acceptable range of 91 -97%.
Conclusions
The results show a very promising technique for the determination of silver in a variety of samples at ng ml -1 levels without the need for any sophisticated device. Apart from having extremely high sensitivity, the procedure is very simple, fast, and benefits a very low detection limit. The experimental parameters, such as the chemical modifier, organic solvent, pH of the aqueous phase, sampling temperature, extraction time and volume of the aqueous and organic phases, have great effects on the sensitivity of the method, and should be optimized. The results show that Ag could be determined with very high sensitivity and relatively good reproducibility in aqueous samples, such as tap water. All results are the average of triplicate. a. %Relative error is de ned as: relative absorbance = (absorbance of 4 ng ml -1 silver -foreign ion 400 ng ml -1 )/absorbance of 4 ng ml -1 silver.
